The recent detection of SiN in the outer envelope of the IRCϩ10216 carbon star has renewed the interest for the gas phase interstellar silicon chemistry. In this contribution, we present a theoretical study of the H 2 SiN ϩ molecular ion, the silicon hydrogenated counterpart of the previously studied SiNH 2 ϩ . On many points, the differences relative to the SiNH 2 ϩ isomer have been found to be dramatic. As an example, the dipole moment is computed to be 3.8 D while being only 0.5 D in SiNH 2 ϩ . The radio, infrared and electronic signatures have been evaluated at a quantitative level. The rotational constants and vibrational frequencies have been determined using Möller-Plesset MPn ͑nϭ2,3,4͒, coupled cluster ͑CCSDT͒ and complete active space self-consistent field ͑CASSCF͒ methods for H 2 SiN ϩ and some of its isotopomers. These quantities have been corrected using a scaling procedure derived from previous studies on the HNSi, HSiN, HSiNH 2 , H 2 SiNH, and SiNH 2 ϩ species in order to provide quantitative results. The failure of single-reference perturbation theories to predict a relevant infrared spectrum is discussed. Intense bands around 550, 950, and 2300 cm Ϫ1 are predicted. The electronic spectrum has been obtained using a coupled multiconfiguration SCF-perturbation treatment ͑MC/P͒: It is characterized by a large number of excited states, none of them having a strong transition moment. The lowest excited state is predicted to lie 0.54 eV above the ground state, but the first allowed transition having a nonnegligible oscillator strength has to be searched at 6.44 eV.
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I. INTRODUCTION
Due to the recent detection of the SiN free radical in space, 1,2 a renewed attention has been given to the gas phase chemistry of silicon-nitrogen compounds. [3] [4] [5] [6] [7] By analogy with the carbon chemistry, 8 HSiN and HNSi are supposed to be formed by a dissociative recombination reaction on a ͓Si,N,H,H͔ ϩ system which could be produced either by the action of the Si ϩ cation onto NH 3 or by the combination of SiH 3 with N ϩ . 2,3, 7 The route via SiH 3 seems, however, to be rather unrealistic in interstellar conditions regarding the postulated abundance for this species, although it is a possible mechanism of formation in recent laboratory experiments that involve electric discharges in a silane/dinitrogen plasma. [9] [10] [11] [12] Following the interstellar chemistry of the carbonnitrogen system which led to the observation of the CN, HCN, and HNC species, a number of theoretical, experimental and observational studies have been devoted to the linear HNSi and HSiN and to related structures ͑see Refs. 9-30, and references therein͒. Although chemical models assume these two species to be abundant, 3,7 none of them has yet been detected in space to our knowledge, in spite of the support of recent laboratory experiments which provide accurate rotational constants for the HNSi isomer ͑while failing to produce HSiN using the same experimental conditions͒. The infrared spectra of both species HSiN and HNSi trapped in a solid matrix have been obtained recently 27, 28 together with those of HSiNH 2 and H 2 SINH but, contrary to SiNH 2 ϩ whose elusive existence has been confirmed in some massspectroscopy experiments, 12 no report on the production of H 2 SiN ϩ has been published. In this connection, we have initiated an accurate study of the ͓H,H,Si,N͔ ϩ potential energy surface to get a better understanding of the chemistry and spectroscopy of the related molecules. In a previous study ͑Part II in this series͒, 30 it was shown that the 1 A 1 ground state of SiNH 2 ϩ is the absolute minimum of this potential surface, confirming earlier calculations: 12, 19, 29 Its spectral signatures ͑radio, ir, and electronic͒ were determined in order to contribute to its identification either in the interstellar medium or in laboratory experiments. In this paper, we present a theoretical determination of the rotational, vibrational, and electronic spectroscopic signatures of the H 2 SiN ϩ molecule which might be anticipated as a possible key intermediate on the way to HSiN. At each step of the computation, comparison will be done with the SiNH 2 ϩ isomer. The GAUSSIAN92, 31 HONDO8.5, 32 ALCHEMY II 33 codes and the MC/P modules 34 were used.
II. THE ELECTRONIC STRUCTURE OF H 2 SiN
؉
The structure of H 2 SiN ϩ has been determined in C 2v symmetry. Levels of theory cover from Hartree-Fock wave functions in a restricted formalism ͑ROHF͒ to correlated wave functions obtained by Möller-Plesset perturbation theory ͑MP2, MP3, and MP4͒, by the coupled-cluster methodology including triple excitations ͑Refs. 35 and 36 and a͒ Author to whom correspondence should be addressed.
references therein͒ and variational calculations in the complete active space self-consistent field ͑CASSCF͒ formalism ͑Ref. 37 and references therein͒. In correlated calculations, all electrons were active except when specifically indicated. In order to allow for a large flexibility in the one-particle space, a triple-zeta basis set extended by polarization and diffuse functions 38, 39 on each atom was used, which is known as 6-311ϩϩG** 40 for the hydrogen and nitrogen atoms, while the expanded basis set by McLean and Chandler 41 was used for the silicon atom. Smaller 3-21G 42 and 6-31G* 43 basis sets were also used for preliminary investigations. When not specified, the Si and N labeling refers furthermore to the 28 Si and 14 N isotopes, respectively. The optimized geometries are collected in Table I together with their corresponding absolute energies.
At the ROHF level, the electronic ground state configuration of H 2 SiN ϩ is 3 A 2 , corresponding to the following orbital occupancy:
Although the ROHF calculations show a strong coupling between the orbitals describing the lone pair located on the terminal nitrogen atom and the SiN bond, the electronic structure of the ground state can be described in terms of Lewis-localized orbitals as ͓Fig. 1͑a͔͒
where ͑ SiH ϩ ͒ and ͑ SiH Ϫ ͒ stand for the symmetry-adapted combinations of the SiH bonds, respectively, of a 1 and b 2 symmetries. The sp N orbital is the lone pair orbital localized at the terminal nitrogen atom, and the 2 p N orbital represents the remaining in-plane nitrogen atomic orbital. Such a representation that uses a bond between Si and N should only be seen as a possible mesomeric formula: As will be discussed below, the bond appears to be essentially located on the nitrogen atom. However, the use of such a representation has the advantage of suggesting a planar molecule and will make it possible to design specific treatments to recover part of the electronic correlation as will be emphasized in Sec. V: Using and * orbitals will simplify the description of the variational spaces to be used.
A bond orbital analysis shows that the SiN orbital is mostly built on the 2s N and 3s Si atomic orbitals with no contribution from the 2 p zN or 3 p zSi functions. The sp N lone pair involves an adapted combination of both the 2s N and 2 p zN orbitals. As a consequence of the interaction between the SiN and sp N orbitals, silicon contributions are present in the description of the lone pair for orthogonality reasons. The very weak singly occupied SiN orbital is in fact the quasipure 2 p orbital of the nitrogen atom which acts as a very weak -donor. 14, 20 It is almost degenerated ͑within 7 kcal/ mol at the ROHF/6-311ϩϩG** level͒ with the in-plane remaining 2 p N orbital that presents small, but non-negligible, contributions from the H atoms. As a consequence of the weakness of the SiN bond, the positive charge appears to be essentially located at the silicon atom whatever the type of calculation performed. It was, however, checked that this bond remains strong enough to ensure that the ground state Why the open-shell triplet state is lower in energy than the closed-shell singlet state, contrary to the SiNH 2 ϩ isomer, can be nicely explained when considering the dramatic weakness of the SiN bond. As a consequence, and due to the high electronegativity of the nitrogen atom relative to silicon, there is an electronic transfer from silicon towards nitrogen which results in having two unpaired electrons on the terminal nitrogen atom. According to Hund's rule, these electrons couple to give a triplet. In the case of SiNH 2 ϩ , a similar electronic transfer occurs but the two electrons localized on nitrogen can only couple in singlet since only one empty orbital is available on this atom, the others being involved in the NH bonds.
On a more quantitative point of view, a detailed analysis shows that, at the MP2/6-31G* level of theory for example, Mulliken charges are ϩ0.99 ͑Si͒, Ϫ0.11 ͑N͒, and ϩ0.06 ͑H͒; summing the hydrogen charges on silicon gives ϩ1.11 ͑Si͒, which is slightly larger than the same quantity in SiNH 2 ϩ ͑ϩ0.96͒, and Ϫ0.11 ͑N͒. Such distributions are confirmed by a natural bond orbital analysis ͑NBO͒ ͑Refs. 44, 45, and references therein͒ that gives natural charges as: ϩ1.57 ͑Si͒, Ϫ0.30 ͑N͒ and Ϫ0.14 ͑H͒. Such a NBO analysis confirms the previous orbital analysis that localized the positive charge on the silicon and reveals that about 90% of the electronic density of the SiN bond resides on nitrogen. The hybridization at the silicon atom is roughly sp 2.2 which is coherent with a planar molecule and a very weak bond. Moreover, the weight of the silicon atomic orbitals in the SiN bond is as low as 26%, among which 67% come from p zSi atomic orbitals. On the contrary, 86% of the electronic density of the sp N axial lone pair on the terminal nitrogen atom come from s N atomic orbitals.
In order to account for the nondynamic correlation, which is expected to be of essential importance because of two valence holes ͑one in the terminal in-plane 2 p N orbital and the other one on the 2p orbital on the nitrogen atom͒, a multiconfigurational description was generated within the CASSCF framework. The wave function was expanded in the configuration space spanned by all possible distributions of the 10 valence electrons among the 10 corresponding bonding, antibonding and nonbonding orbitals
provided the spin and spatial symmetries of the generated configuration state functions ͑CSF͒ were 3 A 2 . This led to 7400 CSFs in the calculation.
The analysis of the CASSCF results shows that the weight of the leading CSF ͑similar to the ROHF determinant͒ is about 67% in the multireference wave function while this weight is more than 90% for the CASSCF wave function describing SiNH 2 ϩ . Such a small weight of the reference determinant makes it a priori questionable to use MPn methods without careful attention to the properties being investigated. It should also be mentioned that no significant spin contamination was observed in our MPn treatments. The next important configurations involved in the CASSCF description are represented by the following electronic distributions with weights of 5.2% and 3.2%, respectively ͑CSF2 and CSF3͒
The first CSF accounts for a strong coupling between the SiH Ϫ and the in-plane 2 p N terminal orbital. Such a coupling was not observed for SiNH 2 ϩ . As a consequence of both the weight and the nature of this CSF, it may be expected that all properties involving a variation of the SiH distance will be poorly described by single-reference post-SCF treatments based on the HF determinant. Among these properties are of special interest the SiH bond length, the dipole moment and its derivatives, the low-lying SiH 2 wagging and out-of-plane deformation frequencies as well as their intensities.
The second important CSF describes the backdonation from the nitrogen atom towards the silicon atom and contributes to slightly reinforces the weak SiN bond. It is, however, worth noting that these three CSFs account only for 76% of the complete CASSCF wave function which means that about 25% of this wave function arise from CSFs having each very small contributions.
The last column of Table I reports the electronic energy differences between the ground state of SiNH 2 ϩ and that of H 2 SiN ϩ . For the purpose of comparison between the two isomers, the level of the calculations was increased up to a complete FOCI ͑first-order configuration interaction 46 ͒ which involved 599 768 CSFs, and to a truncated SOCI ͑second-order configuration interaction 46 ͒ that involved only, as references for the double excitations to the external space, the CSFs generated by single excitations from the leading determinant: 1 168 408 CSFs were thus considered in the final variational space. If we except the FOCI treatment, which is known to be inadapted for the evaluation of energy differences involving states of different multiplicities, all correlated treatments converge to a value of about 115 kcal/ mol, which is 40 kcal/mol higher than at the ROHF level. This large difference can be entirely explained by nondynamic correlation effects: The correlation recovered when going from ROHF/6-311ϩϩG** to CASSCF/6-311ϩϩG** is 85 kcal/mol for SiNH 2 ϩ while being only 46 kcal/mol for H 2 SiN ϩ . It must, however, be kept in mind that ROHF approaches intrinsically include some part of correlation effects as a consequence of nonvanishing exchange interaction terms arising from the unpaired electrons; the definition of the nondynamic correlation energy as the difference between the ROHF and CASSCF energies is somewhat biaised in this case. The valence-virtuals dynamic correlation energy, which we defined as the difference between the CASSCF and SOCI energies in the present treatment, is 90 kcal/mol, slightly larger than in SiNH 2 ϩ ͑82 kcal/mol͒.
III. THE RADIO SIGNATURE OF H 2 SiN
؉
The rotational spectrum is an unambiguous fingerprint of a molecule; the corresponding transition frequencies are directly linked to the geometry through rotational constants and intensities scale with the square of the electric dipole. Inspection of Table I reveals that the computed geometry of the molecule is only marginally sensitive to the level of theory or to the basis set used, apart from the poor ROHF/ 3-21G level of calculation. The SiN bond length remains close to 1.79 Å, the SiH bond close to 1. 47 [49] [50] [51] available for the SiH bond lengths in a large variety of compounds. It is possible that such a long bond is responsible for the fact that multireference treatments that include CSF2 are necessary to properly account for the spectral signature of H-Si compounds: this fact was pointed out in our previous studies on HSiN and will be emphasized here in the next sections. Surprisingly, the SiN length also increases by 0.01 Å at the CASSCF level of calculation contrary to what would have been expected from the contribution of CSF3. However, such an increase, although smaller, was also observed in the SiNH 2 ϩ isomer and in HSiNH 2 as well. The calculated geometries lead to the rotational constants presented in Table II . Following the remark by DeFrees et al. 52 that MP3 optimized geometries give rotational constants that match more closely the experimental A 0 , B 0 , and C 0 than those obtained by computing MP2 or MP4 structures, the rotational constants of H 2 SiN ϩ can be first approximated as A 0 ϭ151.060 GHz, B 0 ϭ15.502 GHz, C 0 ϭ14.066 GHz.
A further improvement consists in the correction of the pure A e , B e , and C e constants with the scaling factors obtained, at each level of calculation, in our previous study on HNSi: 48 This leads to the A 0 , B 0 , and C 0 constants reported in Table  III . Since the scaling factor obtained for HNSi at the MP3 level of calculation is the one that is the closest to unity, the scaled MP3 values should be of higher quality, which gives
Even after the scaling procedure, significant differences remain between the various methods. Due to the high sensitivity of the rotational constants ͑especially B and C͒ to the SiH bond length, one may wonder whether the CASSCF geometry would not be of higher quality to reproduce experimental values since the MP3 approach does not properly describe the interaction between the SiH Ϫ and the in-plane 2 p N terminal orbitals. It is unfortunate that experimental rotational constants for the HSiN species are not available. Turning to theoretical approaches, it has been found that a multireference description is necessary to properly describe the infrared spectrum of this species and that a multireference methodology is also essential to get a consistent infrared spectrum of H 2 SiN ϩ as will be seen in the next section. As a consequence, we expect the scaled CASSCF rotational constants to be closer to the experimental values than those obtained with any single reference approach and in the end will recommend the use of
Such constants are gathered in Table IV of the constants suffer from a few percent uncertainty, it is expected that these shifts, that could be observed experimentally, are of higher accuracy. The determination of the dipole moment of charged species is always delicate since that observable depends on the choice of the origin retained for its evaluation. Assuming that this quantity has to be evaluated at the center of mass of the molecule in order to get a relevant value for the determination of the rotational intensities, 53 all the calculations reported in this paper have been performed accordingly, using the convention that a positive value indicates that the dipole is directed along the NSi direction. The inherent difficulties in the determination of the dipole moment for such species have been discussed and developed in the case of SiNH 2 ϩ . It was concluded that the CASSCF dipole moment computed with a 6-311ϩϩg** basis set was relevant. For H 2 SiN ϩ , this value is 3.40 D. The FOCI dipole value is increased to 4.03 D. At the SOCI level, the dipole is found to be 3.8 D; we expect this last value to be accurate within 5%.
IV. THE ir SIGNATURE OF H 2 SiN
؉ The large amount of data available on ir spectra has now well established the fact that calculated frequencies should be scaled to reproduce experimental values 54 whatever the level of calculation used. This is done here at the same time as the normal coordinate analysis. The appropriate B matrix 55 is evaluated and then used to transform the force constant matrix from a Cartesian to an internal coordinate representation which leads to annihilate the contaminations of the molecular motions arising from translation and rotation. In order to correct the general overestimation of the diagonal force constants, it is an usual procedure to scale these terms by factors of 0.792 ͑ROHF͒, 0.884 ͑MP2͒, and 0.893 ͑MP4͒. In those cases where couplings between normal modes are negligible, the force constant matrix is diagonal in the internal representation, so that the scaling procedure is rigorously equivalent to the application on the initial frequencies of the usual scaling factors 0.89 ͑ROHF͒, 0.94 ͑MP2͒, and 0.945 ͑MP4͒. These scaling factors however depend on both the method of calculation and the basis set. It was found more attractive here to use scaling factors obtained by preliminaries studies on species related to H 2 SiN ϩ and for which experimental infrared spectra are available: As a consequence, we use here scaling factors deduced from comparisons with experiments devoted to the parent HNSi, HSiN species and to the close HSiNH 2 and HNSiH 2 molecules. 48 This leads to use the following values ͑that refer to scales applied on frequencies͒: RHF/6-31G*: 0.898, MP2/6-31G* or MP2/6-311ϩϩG**: 0.959, MP3/6-311ϩϩG** 0.939, MP4/6-311ϩϩG** 0.974, CCSDT/6-311ϩϩG** 0.966, and CASSCF/6-311ϩG**: 0.970. These values have been discussed elsewhere: The MP4 and CASSCF approaches seem to be both of better quality than the CCSDT method since their corresponding scaling factor is slightly larger. According to our experience for other compounds of this kind, we expect the deviation of our scaled predicted infrared frequencies from the experimental values to be smaller than 5% on the whole spectrum.
The scaled vibrational frequencies and normalized intensities are presented in Table V 
FWHM.
The vibrational spectrum calculated at the ROHF, MP2 ͑Fig. 2͒, MP3, MP4, and CCSDT levels of theory are consistent with each other, both in frequencies and intensities. The analysis of the normal coordinates shows that the vibra- The CASSCF spectrum is, however, somewhat different. As a consequence of the interaction between the SiH Ϫ and the in-plane 2p N terminal orbitals, the lowest two frequencies corresponding to the SiH 2 wagging and the out-of-plane deformation modes that involve modification of the SiH distances are strongly shifted: The out-of-plane vibration frequency is dramatically reduced from about 600 to 411 cm Ϫ1 and has its intensity reduced by a factor 4. Such vibrations about 400 cm Ϫ1 have been observed experimentally for silane derivatives. 56 While having their frequencies almost unchanged, the SiH 2 stretching modes have their relative intensities increased which is also observed for the SiN stretching vibration. The SiH 2 bending mode remains almost unaffected; the wagging mode retains its intensity. It is thus clear that the consideration of properly described nondynamic correlation effects is essential in the case of the H 2 SiN ϩ molecule. The CASSCF infrared spectrum is presented in Fig. 3 and is expected to be, by far, of higher accuracy, than the MP2 presented in Fig. 2 Table VI . The dramatic failures of the MPn approaches to correctly predict a relevant ir spectrum of the H 2 SiN ϩ species is a perfect illustration of the too-often forgotten basic principle of perturbation theories that the zeroth-order wave function has already to be of high enough quality to properly describe the property under investigation. This was already emphasized for the description of excited states 57, 58 but this nonacademic example provides the interesting evidence that this rule also applies to ground states.
V. THE ELECTRONIC SIGNATURE OF H 2 SiN
؉
A. Methodology and computational details
In order to provide a quantitative description of the vertical electronic absorption spectrum of the H 2 SiN ϩ molecular ion, we used the MC/P approach developed in our laboratory. It consists in a coupled variation-perturbation treatment that aims to treat the nondynamic correlation effects involved in the zeroth-order description of a particular state at a MCSCF level, followed by the recovering of the dynamic correlation through a large scale perturbation treatment on this variational wave function. This methodology whose details have been presented recently 34 has been successfully applied to the description of the vertical spectra of the ethylene, formaldehyde and cyclopropene molecules taken as benchmarks. 58, 59 As shown in these previous calculations, the use of a Möller-Plesset partition of the electronic Hamiltonian combined with a well-designed variational zerothorder space built on averaged MCSCF orbitals provides quantitative results. For example, the root-mean-square deviation from relevant experimental data for test molecules such as formaldehyde and ethylene does not exceed a few tenths of an electron volt.
All calculations were done at the fully optimized MP4/6-311ϩϩG** geometry of the ground state. Variational zeroth-order spaces were constructed with the orbitals obtained by averaging the MCSCF calculations, for each spin and spatial symmetry, on those states lying up to 10 eV above the ground state. The perturbation step of the MC/P method was done with all valence electrons active and with no virtual orbitals frozen. Singlet, triplet, and quintet states were studied.
Two series of calculations were performed using the 6-311ϩϩG** basis expanded by a set of diffuse s, p, and d functions on both heavy atoms. The exponents for these diffuse orbitals have been taken as 0.017, 0.014, and 0.015 for the 4s, 4p, and 3d functions on the silicon atom. The values of 0.028, 0.025, and 0.015 have been used for the corresponding 3s, 3p, and 3d orbitals on the nitrogen atom.
The first series of calculation aimed at checking for the existence of diffuse states. It involved the MCSCF space spanned by all CSFs arising from the electronic distributions presented in Table VII . The diffuse orbitals ͑denoted as ''R''͒ are explicitly taken into account in the variational treatment by allowing monoexcitations from the valence occupied orbitals to the diffuse orbital set. 58, 59 In addition, a sp N correlating function ͑spN͒* has been explicitly included in the zeroth-order configuration space [58] [59] [60] to allow for the spatial relaxation of this important orbital that would be poorly accounted for using a variational space restricted to valence orbitals. In this calculation, which will be referred to as MCSCF1, the electrons in the SiH bonds are frozen.
The second series of calculations focuses on the valence spectrum. The SiH bonds are included in the variational space to account for the unusual bonding capabilities of the silicon atom which may lead to peculiar bridged structures when engaged in multiple bonds. [61] [62] [63] The variational zerothorder wave function is developed in the MCSCF space built on all the spin and spatial symmetry adapted CSFs arising from the electronic distributions presented in Table VIII . All valence electrons are correlated. These calculations will hereafter be referred to as MCSCF2 and MC/P2.
B. Results and discussion
The MCSCF1 calculations lead to the unambiguous conclusion that no diffuse states have to be expected in the spectrum up to 10 eV above the ground state: It is consistent with the electronic spectrum of a positively charged molecule whose core may suffer a Coulombian explosion upon such a Rydbergization. However, the MCSCF1 space, which could be used from preliminary investigations on the SiNH 2 ϩ spectrum fails to describe H 2 SiN ϩ , even at a qualitative level. If NH bonds were not involved in excitations of SiNH 2 ϩ and could be frozen, it is not possible here to freeze the SiH electrons at the zeroth-order level of calculations, as illustrated in Tables IX, X, and XI that collect all the excited states up to 10 eV from the ground state. As a consequence, the forthcoming discussion will focus on MCSCF2 and MC/P2 calculations. Before going to the results in more detail, it is worth noting that the SiN bonding orbital and the SiH ϩ orbital remain doubly occupied, and that at least one electron remains in the sp N orbital. It was also observed that putting the SiN and sp N electrons in different sets led to numerical troubles in the convergence of the MCSCF process due to the strong coupling between these orbitals.
The first important remark to emphasize concerns the large number of excited states obtained within 10 eV from the ground state of H 2 SiN ϩ : 37 excited states are obtained which is three times as much as for the SiNH 2 ϩ ion within the same energy range. Such a variation in the number of excited states is usually observed when comparing a closed-shell system to similar open-shell ones and is coherent with their multiplicity. If, however, we omit those excited states that involve the SiH orbitals, 22 states still remain which is larger .02 Å͒; the larger spatial extension which is possible in the former ion allows a better accommodation of the constraints between electronic distributions. In addition, we have a smaller energy gap between occupied and virtual orbitals in H 2 SiN ϩ than in SiNH 2 ϩ . The position of the MCSCF states is corrected when dynamic correlation effects are taken into consideration at the perturbation level. The quadratic deviation from MCSCF to MC/P transition energies is about 1.1 eV which is slightly higher than the corresponding deviation between MCSCF and MC/P treatments observed in the cases of the ethylene, formaldehyde and SiNH 2 ϩ molecules. 30, 59 It is known that the oscillator strengths f are usually little affected by dynamic correlation: 64 Consequently, they have been determined using the MCSCF transition moments, but taking the MC/P corresponding transition energies. As for the dipole moment, nonvanishing transition moments depend on the choice of the origin of coordinates: according to Sec. III, it was located at the center of mass. These energies and oscillator strengths were used to product the pictorial representation of the vertical electronic absorption spectrum presented in Fig. 4 where the electronic transition have been fitted with a Gaussian having a 900 cm Ϫ1 FWHM. Analysis of the electronic spectrum. The lowest excited state is obtained by the promotion of a nonbonding sp N electron to the hole in the SiN orbital ͓Fig. 1͑c͔͒. The resulting 1 3 B 2 state lies at 0.54 eV above the ground state and has the following electronic configuration:
Although the transition is symmetry-allowed, the oscillator strength is so weak that its detection using absorption techniques might be difficult. The orbital occupancy of this first excited state is completely analogous to the first excited state ͑1 3 B 2 ͒ state of SiNH 2 ϩ which, at the same level of calcula- 
The other states arising from the same electron distribution lie at 5.59, 6.92, and 6.64 eV (2 3 B 2 ,3 3 B 2 ,4 3 B 2 ), and 7.03 eV ͑3
1 B 2 ͒.
The triplet -* transition is found to occur at 6.44 eV ͑2 3 A 2 ͒, with an oscillator strength of 0.073 which is the largest of all the oscillator strengths reported for the transitions studied in this paper: This transition is certainly the first transition to be observed in an absorption spectrum due to the weakness of the lower lying ones. The -* transitions are located at 6.04 eV in the case of SiNH 2 ϩ( X 1 A 1 -2 1 A 1 ) with the largest oscillator strength and at 4.82 eV for the forbidden X 1 A 1 -1 3 A 1 transition. The lowest-lying state involving an excitation from the SiH Ϫ orbital appears at 4.99 eV ͑3 1 A 1 ͒, but the first one of that type having a non-zero transition strength lies 3 eV higher at 8.12 eV ͑3 3 A 2 ͒: it is important to point out that it presents a relatively large f value ͑f ϭ0.032͒ among the symmetry-allowed states and that it would probably provide the second transition observed in absorption since the lowerlying transitions have oscillator strengths smaller by a factor of 5, at least. The fact that the dominant configuration, as reported in Table VI , corresponds to a double excitation from the ground state which is normally forbidden in one-photon absorption processes, should not be misleading since its weight in the CI wave function is barely over 50%; single excitations from the ground state have enough weight in the MC/P wave function to increase the oscillator strength of the transition to a value which is of the same order of magnitude as that computed for the singly excited 2 3 A 2 state. Close to this state ͑8.74 eV͒, the 4 3 A 2 state is also described by a double excitation from the terminal sp N orbital to the SiN and SiN * orbitals; for the same reason, it has f ϭ0.011. Both the previous transitions are polarized along the C 2 axis of the molecule.
As a conclusion, it is essential to emphasize that the electronic spectrum of H 2 SiN ϩ is completely different from that of its SiNH 2 ϩ isomer on both qualitative and quantitative points of view: Within 10 eV from the ground state, the density of the excited states is larger in the latter by a factor greater than 2. In this range of energy, 12 symmetry-allowed states can be reached by absorption techniques, but none of them presents an oscillator strength greater than 7.3ϫ10 Ϫ2 , in opposition to SiNH 2 ϩ that exhibits only four allowed states, three of them having an oscillator strength greater than 0.120.
VI. CONCLUSIONS
In this paper, we have reported a theoretical investigation of the spectroscopic signatures of the ground state of H 2 SiN ϩ ( 3 A 2 -C 2v ) and have compared its properties to those of the SiNH 2 ϩ isomer. -The rotational constants and dipole moment have been determined in order to help radio identification. The large value of the dipole moment: 3.8Ϯ0.2 D makes detection in laboratory experiments possible, provided a relevant technique is used to produce H 2 SiN ϩ since it lies about 115 kcal/mol above the absolute minimum of the H, H, Si, N ϩ potential energy surface ͑X 1 A 1 SiNH 2 ϩ ͒. -At the reliable CASSCF level of theory, the infrared spectrum is characterized by intense bands around 550, 950, and 
Ϫ1
. The evaluation of the corresponding intensities was shown not to be relevant if single-reference approaches ͑ROHF, MP2, MP3, MP4, and CCSDT͒ are used. -The electronic spectrum, obtained by our MC/P treatment presents only 2 significant features that should be observed in the 6.4 and 8.1 eV regions: Although some lower-lying symmetry-allowed excited states have been found, their transition moments seem to be too weak to allow their detection using absorption techniques.
We hope that the present results will stimulate experimental work to get more information on a molecular ion which may be a leading intermediate in the silicon-nitrogen chemistry.
